Abstract Core temperature (tympanic and rectal temperatures) is lowered for several hours under diurnal bright light exposure and its evening fall is inhibited under evening bright light exposure. Melatonin may be involved in the behavior of these core temperatures. Diurnal bright light exposure for several hours may make dressing behavior and thermal sensibility in the evening cold slower and dull, compared with diurnal dim light exposure. On the contrary, evening bright light exposure for several hours may make the dressing behavior and thermal sensibility in the evening cold quicker and sharper, compared with evening dim light exposure. The underlying physiological mechanisms for these findings are that the thermoregulatory set-point would be reduced more markedly in the evening under the influence of higher elevation of melatonin under the diurnal bright light exposure, and its evening decline would be inhibited by suppression of the nocturnal rise of melatonin under evening bright light exposure.
I. Introduction-Light and Core Temperature-
How does light during the daytime influence physiological parameters? The most important finding is that tympanic temperature gradually decreases slightly, but significantly if the participants spend time under constant bright light (more than 2,000 lx) for several hours during the daytime, compared with dim light (less than 100 lx) (Aizawa and Tokura, 1997 , 1998a , 1998b . Similar change may be valid for rectal temperature (Sato et al., 2003) . How could core temperature (tympanic and rectal temperatures) become lower during the daytime under bright light? The probable interpretation is that melatonin secretion is higher during the daytime under bright light than dim light (Teramoto et al., 1996; Aizawa and Tokura, 1999) . Diurnal bright light exposure also could increase the nocturnal level of melatonin secretion (Park and Tokura, 1999) , which was accompanied with deeper fall of rectal temperature at night Tokura, 1995, 1998) . Melatonin has antipyretic properties (Cagnacci et al., 1992) . It is well known that melatonin can act directly on hypothalamus, resulting in lowering the core temperature. Thermoregulatory set-point may probably be set to be lower under the influence of melatonin. Detailed physiological mechanisms remain to be studied concerning why the thermoregulatory set-point under the influence of diurnal bright light during the daytime would be lowered. Aizawa et al. (2002) disclosed that the oral administration of melatonin (3 mg) at 11:00 h could lower the thermoregulatory set-point. Cutaneous vasodilatation and local sweating on the forearm occurred at a significantly lower tympanic temperature after melatonin oral administration, compared with after placebo, during the local body warming by immersing both legs into hot water bath of 42°C. Similar findings were observed by exposing the participants to the bright light (6,000 lx) during the daytime from 09:00 to 13:30 h, suggesting an involvement of melatonin under the influence of bright light for the downward shift of thermoregulatory setpoint Tokura, 1998a, 1998b) . Compared to dim light exposure, bright light exposure induced a steeper slope in the regression line between the skin blood flow of the forearm and mean body temperature under an external heat load in the evening, also indicating an involvement of diurnal bright light for the downward shift of thermoregulatory set-point (Aizawa and Tokura, 1996) .
It is quite interesting to notice that melatonin may react differently to bright light between day and night. It is well known that the melatonin secretion is greatly suppressed in response to bright light at night (Lewy et al., 1980) . The opposite occurs during the daytime. Its physiological mechanisms remain to be studied. However, the melatonin may be ecologically important, because an increased amount of melatonin during the daytime in response to diurnal bright light may play a certain role in preventing an excessive rise of core temperature under a warm and radiant environment during the daytime.
With these above points in mind, the dressing behavior in the cold may be modified differently by the bright or dim light during the daytime, because as the dressing behavior concerns behavioral temperature regulation, it may be different between different levels of thermoregulatory set-point under the influence of bright or dim light. On the contrary, if participants were exposed to bright light in the evening, melatonin secretion may be suppressed (Lewy et al., 1980) , resulting in a rise of thermoregulatory set-point and in an occurrence of the opposite dressing behavior. We have tested experimentally whether or not the hypothesis was supported (Kim and Tokura, 1995a) .
II. Dressing Behavior in the Cold under the Influence of Diurnal Bright or Dim Light Exposure
Seven female participants (follicular phase), aged 25.2Ϯ4.3 yrs (meanϮSD), spent time under bright light conditions (4,000 lx) or dim light conditions (10 lx) from 10:00 to 18:00 h at the constant room temperature (T a ) of 27°C and a relative humidity of 60%. Illuminance was 10 lx from 18:00 h to 22:30 h and from 06:00 h to 07:00 h, with complete darkness from 22:30 h to 06:00 h. T a was increased from 27°C to 30°C at 19:30 h and the participants took off all clothes except for a brassiere and shorts. T a was lowered gradually to 15°C over one hour from 20:30 h to 21:30 h and kept at 15°C for an additional hour. Participant was instructed to select and put on the garments they would feel comfortable wearing, while T a was lowered from 30°C to 15°C over one hour and maintained at 15°C.
Most participants dressed in thinner clothing and/or more slowly in the bright light than in the dim light conditions. The mean slope of the dressing behavior against time course was significantly shallower in the bright light, suggesting that the participants got dressed more slowly under a definite fall of T a . The final mean values for the weight of garments worn were 1762.6Ϯ419.8 g in the bright and 2189.7Ϯ224.8 g in the dim ( pϽ0.05). The scores of temperature sensation were Ϫ0.71Ϯ 0.45 in the bright and Ϫ1.29Ϯ0.70 in the dim light conditions ( pϽ0.05), indicating that the participants felt cooler in the dim light. Rectal temperatures were continuously measured from 10:00 h to 07:00 h in the following morning. A clear daily rhythm of rectal temperatures was observed both in the bright and dim light conditions: higher during the daytime and lower during the nighttime. However, a close observation disclosed that the nocturnal level of rectal temperature was significantly lower in the bright from 18:00 h to 07:00 h (ANOVA, pϽ0.05). Judging the best fitting curves applied to individual raw data of rectal temperature, the mean minimum value during the nighttime was 36.46Ϯ0.13°C (meanϮSEM) in the bright and 36.58Ϯ0.14°C in the dim light conditions ( pϽ0.05). The mean changes of leg and arm skin temperature after the participants retired to bed were significantly greater in the bright than in the dim light conditions, suggesting that heat loss from the extremities to the surrounding was accelerated more greatly after the diurnal bright than the diurnal dim light, resulting in the greater fall of rectal temperature.
Why did the diurnal bright light exposure for several hours make the dressing behavior in the cold slower and thermal sensibility dull? The dressing behavior in the cold was observed from 20:30 to 22:30 h, when the thermoregulatory set-point was situated lower than the actual core temperature. However, the thermoregulatory set-point is supposed to have been set at further lower level during the observation period of the dressing behavior under the influence of diurnal bright light than diurnal dim light (see the introduction). Thermoregulatory responses may occur so as to adjust the actual core temperature to approach its thermoregulatory setpoint. Thinner and slower dressing in the cold under the bright light condition may benefit the adjustment, because the thicker and quicker dressing would suppress the heat loss, making a quicker fall of core temperature difficult. This is against the innate demands of the body. Such an enlarged difference, so called 'load error' between actual core temperature and its thermoregulatory set-point is supposed to be responsible for the thinner and slower dressing behavior in the cold under the influence of the diurnal bright light condition. The load error seems to play an important role in the dressing behavior in the cold as a driving force. The load error may also play an important role in selecting behavior of the preferred illuminance by the women (Morofushi et al., 2001; Morita et al., 2003; Morita et al. 2004 ) and for the determination of time sense with short term (5-20 s) between follicular and luteal phases in the women (Morita et al., unpublished data) and between bright and dim light intensities (Morita et al., unpublished data) . It means that the higher and smaller load error may influence many kinds of human behavior differently.
III. Dressing Behavior in the Cold under the Influence of Evening Bright or Dim Light Exposure
Nine female participants (follicular phase), aged 22.0Ϯ2.9 yrs, spent time under bright light condition (3,000 lx) or dim light condition (10 lx) from 16:00 to 20:30 h at a constant room temperature of 27°C and a relative humidity of 50%. Illuminance was 100 lx from 09:00 h to 16:00 h, 10 lx from 20:30 h to 23:00 h, with complete darkness from 23:00 h to 06:00 h. The participants were instructed to wear the garments they would feel comfortable in during the T a fall from 30°C to 15°C (21:00 h to 22:00 h) and the constant T a of 15°C (22:00 h to 23:00 h).
Most participants dressed in heavier clothing and/or more quickly in the bright light than in the dim light conditions. The amount of clothing worn by the participants was 1,429Ϯ159 g (meanϮSEM) in the bright and 1,256Ϯ136 g in the dim light conditions. The amount was significantly smaller in the dim than in the bright light conditions ( pϽ0.05). This is the opposite to what happened under the influence of the diurnal bright light exposure. The mean slope of the dressing behavior against time was significantly steeper in the bright than in the dim light conditions, suggesting that the dressing behavior was quicker in the bright over a definite fall of T a . Throughout the dressing period while T a was falling gradually and kept constant at 15°C, the participants felt significantly cooler in the bright than in the dim light conditions. The minimum rectal temperature was significantly higher in the bright than in the dim light conditions. The value was 36.49Ϯ0.08°C in the bright and 36.42Ϯ0.11°C in the dim light ( pϽ0.05). Evening fall of core temperature was significantly lower in the bright light, suggesting that the thermoregulatory set-point was set at a higher level under the influence of the lesser amount of melatonin secretion. Actually, urinary melatonin secretion was 14,438 pg in the bright light condition and 20,918 pg in the dim light condition at 07:00 h. The values were significantly lower in the bright than in the dim light conditions. How can we explain our main finding that the participants dressed more quickly and with heavier clothing to cold when they were exposed to bright rather than dim light in the evening? Tokura (1994, 1995b) disclosed that under identical cold exposure, participants dressed more quickly and with thicker clothing in the morning than in the evening, and in the luteal than in the follicular phases in women. These findings were discussed in terms of the load error between the actual core temperature and its thermoregulatory set-point. Thermoregulatory responses including behavioral and autonomic regulations may help the actual core temperature approach its set-point. Under diurnal bright light the participants did not feel cold, did not wear heavy clothing and the extremities' skin temperature rose more greatly, which was beneficial for lowering the actual core temperature towards the reduced set-point. Contrary to this, in our present experiment, the evening fall of core temperature was significantly smaller in the bright light, suggesting that the set-point of core temperature has been set at higher level during the evening and at night. This idea is supported by the finding that the participant felt significantly cooler in the bright light exposure and showed significantly lower increases of the extremities' skin temperature after they went to bed.
Thus, it is concluded that the evening bright light exposure could accelerate the dressing behavior in the evening cold. This is quite opposite, compared with diurnal bright light exposure.
IV. Miscellaneous
Recently, Morita et al. (2003) reported that when participants were instructed to choose the intensity and color temperature of the illuminance they preferred every 15 min during wakefulness by adjusting a light box, the self-selected illuminance rose during the course of the first 5 h and the color temperature rose over the first 2 h after they woked. These two parameters decreased gradually over the 5 h before retiring. They proposed that the behavior of selecting such illuminance could accelerate the morning rise of core temperature at the time when the set-point is rising and the fall of core temperature in the evening at the time when the set-point is falling. Furthermore, Morita et al. (2004) hypothesized that a greater load error would lead to the choice of a higher light intensity because this would suppress melatonin secretion more effectively and thus accelerate the morning rise of core temperature. Their major finding was that a higher light intensity was preferred when the face was cooled by 0.15-0.25°C, indicating that an increased load error between actual core temperature and its set-point may play an important role in the selection of the preferred illuminance. The underlying physiological mechanisms are that humans may adjust the environmental lighting so as to create their own circadian rhythm of core temperature. Not only the dressing behavior in the cold, but also small intestinal activity Hirota et al., 2003 ) , salivary secretion (Kanikowska et al., 2002) , cloth color preference (Kim and Tokura, 1998) , salivary immunoglobulin A (Park and Tokura, 1999) , nocturnal level of heart rate and short term time sense (Morita et al., unpublished) and urine volume (Hyun et al., unpublished) are influenced differently by diurnal bright or dim light exposure.
When an architect or an indoor light designer designs artificial indoor lighting, its physiological relevance to dwellers in the room must be taken into account in terms of the health maintenance.
